Aim: To establish the frequency of Y chromosome microdeletions in an unselected group of infertile Croatian men. Methods: An unselected group of 105 patients (male partners of infertile couples), both with idiopathic and nonidiopathic infertility, consecutively referred to the outpatient infertility clinic, gynecology department, General Hospital Pula, Istria County, Croatia, was examined for the presence or absence of Y chromosome microdeletions by polymerase chain reaction analysis. Results: One of the 105 men (0.95 %, 95 % CI = 0.17-5.2 %) was found to have a microdeletion. Conclusion: A low frequency of Y chromosome microdeletions was found in the group of unselected infertile Croatian men. (Asian J Androl 2005 Jun; 7: 213-216) 
Introduction
The involvement of the Y chromosome and its genes in both normal and defective spermatogenesis is well established, but several questions still remain. Although Y chromosome microdeletions represent the most frequent molecular genetic cause of infertility in men [1] , the data published have often been inconsistent concerning the frequency of microdeletions and genotype-phenotype correlation.
The reported frequency of Y microdeletions in infertile men varies from 1.0 % to 55.5 % [2] [3] [4] [5] [6] [7] . Differences in the study design, especially the inclusion criteria and sample size, as well as ethnic background [1, 8, 9] and selection of genetic markers tested, may explain this variability. Namely, in most studies reporting a high frequency of Y chromosome microdeletions, a selected group of infertile men with severe spermatogenesis failure was included [2, 3, 5, 6, 10, 11] . On the other hand, there are only a few studies analyzing unselected men consecutively attending infertility clinics [4, 8, [11] [12] [13] . Therefore, to establish the clinical importance of Y chromosome microdeletions in the evaluation of male infertility, studies analyzing unselected groups of infertile men are needed.
To estimate the frequency of Y chromosome microdeletions in an unselected group of infertile patients, and to evaluate the molecular pathology of Y chromosome mutations in the Croatian population, we examined a group of 105 infertile men, the male partners of infertile couples, unselected and successively referred to the regional infertility clinic for evaluation of infertility.
Materials and methods

Patients
We evaluated all 107 patients, male partners of infertile couples, attending the outpatient infertility clinic at the department of gynecology, General Hospital Pula, the Istria County, Croatia, in the period from 1 January 2001 to 31 December 2002. Cytogenetic analysis was performed in patients with severe impairment of spermatogenesis (sperm count <5 million/mL) and two azoospermic patients with Klinefelter's Syndrome (47, XXY) were diagnosed, thus 105 patients were considered for the final analysis. The patients underwent andrological examination with testicular volume measurements taken with Prader's orchidometer; special attention was paid to the history of hypogonadism, cryptorchidism, varicocele, genitourinary tract surgery, testicular cancer and medication. In all the patients, plasma follicle-stimulating hormone (FSH), luteinizing hormone (LH), prolactin (PRL) and testosterone were measured by immunoradiometric assay (coat-a-count; DPC Diagnostic Products Corporation, Los Angeles, USA).
The control group consisted of 100 men who had fathered at least one child.
Informed consent was obtained from each patient. The study was approved by the Regional Medical Ethics Committee. All the patients were Croatian.
Spermiogram
For each patient, two complete semen analyses were performed according to the WHO guidelines [14] to ascertain volume, sperm count, rapid progressive sperm motility and morphology.
Molecular genetic methods
Genomic DNA was prepared from peripheral blood samples using standard procedures. Y chromosome microdeletions were detected after polymerase chain reaction (PCR) amplification of the Y chromosome-specific STS and genes.
The patients were tested for the markers suggested by Simoni et al. [2] : sY84, sY86, sY127, sY134, sY254 and sY255, the analysis being extended by the following markers: RBMY1, sY147 and sY152, to increase the sensitivity of the diagnostic test [15] . Markers were amplified in two multiplex PCR reactions, with the ZFX/ZFY as an internal control. Once the deletion in the azoospermia factor a (AZFa) region was detected, the markers sY81, sY82, sY83, sY86, sY85, sY84, DFFRY and sY87 were used to define the extent of the deletion.
PCR was carried out in a total volume of 10 µL. The reaction mixture included 50 ng of each DNA sample, 1 PCR buffer, 1.5 mmol/L MgCl2, 200 µmol/L deoxynucleotidetriphosphate (NTP), 1 µmol of each primer pair and 0.5 U Taq DNA polymerase (Promega Corp., Madison, USA and Gibco-BRL, Gaithersburg, USA). The reactions were performed in a thermal cycler (MJ Research Inc., Watertown, USA).
After an initial denaturation step at 94 o C for 5 min, the cycle parameters were: 30 cycles at 94 o C for 60 s, 58 o C for 80 s and 72 o C for 60 s. The programs were followed by the final extension step at 72 o C for 10 min. The reaction products were then analyzed by electrophoresis at 76 V on 2-4 % agarose gels (Sigma Chemical Co., St Louis, USA) containing ethidium bromide (0.1 mg/mL), and visualized under UV light. We confirmed the deletion of the loci if the product of the expected size was not obtained after three single primer pair PCR experiments. In the third single primer PCR experiment, the annealing temperature was decreased by 3 o C, while the number of cycles was increased by 5. As a control, one sample of female, one sample of fertile male genomic DNA and one sample containing all reaction components, but water instead of DNA, were run with each set of primers.
Results
Clinical analysis
Of the 105 men included in the Y chromosome microdeletion analysis, 33 had azoospermia, 52 oligoasthenoteratozoospermia (25 with sperm count 5-20 million spermatozoa/mL, 17 with sperm count 1-5 million spermatozoa/mL and 10 with sperm count <1 million spermatozoa/mL) and 20 were normozoospermic. The clinical characteristics of the patients are summarized in Table 1 .
The average age of the patient was 35.2 years (range 20-54 years), the average time of unprotected intercourse was 6.4 years (range 2-20 years). The average testis volume was 17 mL (normal >15 mL). The results of hormonal analysis are summarized in Table 2. . 215 .
Microdeletion analysis
Deletion was detected in one patient (0.95 %, 95 % CI = 0.17 % -5.2 %) with idiopathic infertility, who was severely oligospermic (sperm concentration 1 million/ mL). The molecular analysis in the patient revealed a partial deletion in the AZFa region (sY81, sY82, sY83 present, sY86 and sY85 absent, sY84, DFFRY and sY87 present), the deletion being mapped to a region of 350 kb.
Discussion
The results of the present study are consistent with those of previous studies on unselected groups of infertile men in whom the frequency of deletions ranges between 1 % and 3 % [4, 8, 12, 13] . Furthermore, we found a Y microdeletion in a patient with severely impaired spermatogenesis (sperm concentration 1 million/ mL), which supports previous observations that microdeletions are mostly found in the population of infertile men with less than 1 million sperm/mL of ejaculate.
The reported microdeletion frequencies range between 10 % and 50 % in azoospermic/idiopathic patients, and from 1 % to 10 % when oligozoospermic patients are also included, while only sporadic patients with Y chromosome microdeletions have been reported in patients with sperm counts of >5 million spermatozoa/mL [3, 10, 11] . Typically, higher frequencies of Y chromosome microdeletions have been found in study groups with less than 100 patients and no reported confidence interval [5, 6, 16] .
In addition to the study design, it has been proposed that ethnic differences might be associated with the frequencies of Y chromosome microdeletions [1, 9] . Microdeletions in the Swedish population were reported only in immigrant populations of infertile patients [17] . On the other hand the number of investigated markers has not been significantly associated with the sensitivity of the test [1] [2] [3] 15] .
We identified a partial deletion of the AZFa region. It has been estimated that non-allelic homologous recombination between endogenous retroviral elements (HERV) flanking the 780 kb region is probably responsible for most of the AZFa microdeletions in men with Sertoli cellonly syndrome (SCOS) [18] . On the contrary, partial microdeletions in the AZFa region were reported less frequently; single cases have so far been reported in French [9] and American [7] studies, and several patients have been reported in the Italian population [19, 20] . With the exception of the deletions described in the Italian population, there is no evidence for common partial AZFa deletion.
Genotype-phenotype correlations are difficult to asses in the case of Y chromosome deletions due to a poor understanding of the molecular pathological basis for the observed association with impaired spermatogenesis. It 15.8 (8.3-20.6) is even more difficult in the case of relatively small deletions, as identified in this study; chance association of potential genomic polymorphism with infertility can not be excluded. Nevertheless, partial AZFa deletions may be associated with partly preserved spermatogenesis, as was also the case in our study. On the other hand, complete AZFa deletions are as a rule associated with azoospermia/SCOS.
In conclusion, we have found that the frequency of Y chromosome deletions in the unselected group of infertile patients in the Croatian population is 0.95 %. Y chromosome microdeletion screening should be therefore restricted mainly to patients with severely impaired spermatogenesis.
